SUMMARY: The spatio-temporal distribution of the mesoparasitic copepod Pennella sp. on the short-finned squid Illex coindetii was studied monthly during 1993 in the southeastern North Atlantic (Galician waters, NW Spain). A total of 600 individuals were analysed separately considering two areas (north and west) with different hydrographical characteristics. Six pennellid stages were found: a copepodite, four chalimus stages and the free-living adult male and female. Epidemiology was assessed using the parasite demographic parameters. The results revealed a marked seasonal pattern in the number of parasites in squid samples from the northern area. This seasonal pattern was not detected in squids from the western area. The observed frequency distributions of parasites on the host population were aggregative at each sampling area. Infection values were extraordinarily high when they are compared with published host-parasite records for other representatives of the genus Pennella. Advantages of the parasite aggregation pattern and possible explanations of the seasonality variations in the number of parasites observed in squid samples from the northern area are discussed.
INTRODUCTION
One of the primary tasks of squid fisheries ecologists is to emphasise how the innate characteristics of the squid population and its environment determine and constrain its productivity as a resource (Dobson and May, 1987) . As a result of interactions, parasites may have a wide range of detrimental effects on exploited squid stocks, reducing host numbers due to mortality, fecundity, condition or market value (Kabata, 1981; Roubal, 1986; Khan, 1988) . A general perception of fish macroparasites is that most of them seem to have little effect on the host, except in rare instances of massive infection (Dobson and May, 1987) . This perception means the existence of a biological homeostatic equilibrium between the host and the parasite, so that a slight or medium infestation does not cause many problems for host populations. Estimates of "natural" loss of a particular stock may usually depend on the number of infective stages present within any individual host.
Most studies on wild fish populations focused on a taxonomical approach often address the existence of infestation of fish with parasitic copepods (Kabata, 1979) . Comparatively little has been done on the taxonomy and ecology of parasitic copepods of cephalopods. Hochberg (1990) Pascual et al. (1997) indicated that parasitic infestations produced by Pennella sp. Oken, 1816 (Siphonostomatoida: Pennellidae) in short-finned squids (Illex coindetii Verany, 1839) affected the condition of those heavily-infected squids, reducing the productivity and the commercial value of the infested stock. In Galician waters, the economic loss for the fishery sector due to the infested ommastrephid stocks is estimated in about 0.6 million USD for the period 1980-1991 (Pascual et al., 1998) . Illex coindetii and Todaropsis eblanae are the most abundant ommastrephid squids off the Galician coast (north-western Spain). In Galicia, the annual catch from 1980 and 1998 ranged from 490 to 2,352 tonnes, experienced important monthly and interannual fluctuations with highest landing indices in spring and autumn. Catch of both species off the Galician coast represented 26% in weight and 14% in economic value with regard to the total cephalopod catch between 1980 and 1991. In Spain, both species represented 10% in weight and 4% in economic value of total cephalopod catches (González et al., 1996c) . The average catch per year from 1980 to 1991 was about 1000 tonnes.
The main aim of this study was to examine the spatio-temporal distribution of the siphonostomatoid genus Pennella within the population of Illex coindetii, providing information on the population dynamics of the etiological agent.
MATERIAL AND METHODS
The separation of two sampling areas was undertaken considering differences in hydrographic conditions existing in the north and west areas of the Galician waters (Fraga, 1981; Fraga et al., 1982) . Summer meteorological conditions are favourable for upwelling of nutrient-rich water in the west area, where a water mass of the south-flowing North Atlantic Central Water (ENACW) is seasonally upwelled (Rocha et al., 1999) . This event could imply the possibility of the existence of two different ommastrephid stocks.
Monthly samples of Illex coindetii were obtained from commercial landings in Burela and Celeiro (north coast of Galicia) and Ribeira (west coast of Galicia) (Fig. 1) . A total of 25 squid per sampling area were collected monthly and examined during 1993. Mantle length of the specimens ranged from 78 and 360 mm. Samples were obtained from both otter and pair trawlers where squids were taken as by-catch in the fishery targeting hake and blue whiting.
Squid samples were separated in two groups according to the area where they were caught. The northern group comprised all squids collected from Ribadeo to Finisterre and the western group was formed by squids caught from Finisterre to Miño river ( Fig. 1) .
Parasitic larvae, found either free inside the mantle cavity or fixed to the gill lamellae of the squid, were counted and removed from the host under a stereomicroscope for identification of parasite larval stages. Parasites were fixed in 70% ethanol, cleared with lactic acid and stained with chlorazole black E from three to five hours depending on the concentration of the stain. The appendages of each developmental stage were examined by light microscopy using the "wooden slide" method (Humes and Gooding, 1964) .
The terms prevalence, mean intensity and abundance were used according to Bush et al. (1997) . Prevalence (P): number of individuals of a host species infected with a particular parasite species divided by the number of hosts examined; Mean intensity (I): total number of individuals of a partic- ular parasite species in a sample of a host species divided by the number of infected individuals of the host species in a sample; Abundance (A): total number of individuals of a particular parasite species in a sample of hosts divided by the total number of individuals of the host species (infected plus uninfected) in the sample. The nature of parasite distribution within host populations was determined by estimating the variance/mean ratio (ß, Dispersion Index) (Anderson and Gordon, 1982) . Seasonal differences in the number of copepod parasites were also analysed using the Lowest Significant differences ANOVA test which denotes pairs of groups significantly different at the 0.05 level: winter being January-March (group 1); spring, April-June (group 2); summer, July-September (group 3); and autumn, October-December (group 4). Data normality were verified by using Kolmogorov-Smirnov test and when this premise failed, the data were log-transformed (n+1) to reduce the variance and normalise the data (Elliot, 1979) . The data were processed using the SPSS-PC (+) 6.1.3. statistical software.
RESULTS
A series of developmental stages of the lernaeoceriform larvae was found either free inside the mantle cavity (the copepodid and adult forms) or fixed to the gill lamellae (chalimus larvae) of the squid. The six pennellid stages were free-swimming copepodid, four parasitic chalimus stages sessile on the host, a free-swimming adult male and a free-swimming immature post-mated adult female. Parasitic larvae within each individual gill filament were abundant in the most anterior lamellae (distant to the branchial heart). Almost all larvae (98.6%) were situated between secondary lamellae with their posterior end directed towards the efferent filament artery.
Population dynamics
Infestation values were extraordinarily high at both sampling areas, with prevalence levels (P) ranging from 80% to 100% in the north area and 30 to 100% in the west area (Fig. 2) . Mean intensity (I) ranged from 33 to 140 in the north area, and 1 to 80 in the western area. The mean number of parasites per host examined (A) varied from 35 to 140 in the north area and from 1 to 80 in the west area. In the north area, abundance of infestation was slightly higher than in the west area (F=5.559; p<0.05).
The copepod distribution within the squid population was systematically aggregative (over-dispersed or clumped). Variance to mean ratios of the parasites were greater than 1.0 at each month over the whole sampling area (Fig. 2) . The dispersion index, ß, was higher in the north area (F=13.706; p<0.05) than in the west area.
LSD-ANOVA test did not reveal seasonal significant differences in the north area (F=1.180; p>0.05) which implies the absence of two seasonal patterns in the number of parasites. However (F=21.756; p<0.05) was found in the west area ( Table 1 , Fig. 2 ). Squids collected in winter and spring had more post-embryonic stages of Pennella sp. than those squids collected during the summer. Both pairs of groups (group1-2 and group 3) were also significantly different in relation to the squids sampled in autumn (group 4).
DISCUSSION

Aggregation
The aggregated distribution of parasites in Illex coindetii may represent an evolutionary strategy as a direct consequence of the two-host life cycle of the parasitic female. Like most species of the copepod family Pennellidae, the female life cycle of Pennella includes two hosts, with the egg-producing female usually situated in the gill cavity of gadids (Kabata, 1979) . The life cycle of this parasitic copepod consists of two pelagic nauplius stages and a copepodite stage. The copepodite infects the intermediate host, usually a flatfish (Kabata, 1979) and/or a cephalopod (Pascual et al., 1996b) species, and moults into a chalimus larva that is sessile on the gill tips of the host. After four successive chalimus stages, the parasite matures (Anstensrud, 1990a) . Copulation between an adult free-moving male and a mature sessile female takes place on the intermediate host (Anstensrud, 1990b) . Both virgin and non-virgin females leave the intermediate host, usually within one week after maturation, and are thus available for copulation only during a short time (Anstensrud, 1989) . After a brief free-swimming period, the post-chalimus female infects a final host (usually a gadid), where the main post-larval growth takes place. Because of their change of host, pennellid females probably have a higher post-mating mortality and are available for inseminating during a shorter time than females with only one host in the life cycle.
Macroparasites have been found almost invariably aggregated in their distribution among host individuals within a host population (Anderson and Gordon, 1982) . Such aggregated distributions are of considerable ecological importance. Thus, given a mean number of parasites per host, aggregated distributions increase the level of mean crowding (Lloyd, 1967) experienced by the average number of parasites. Therefore, there is an increase in the intensity of density-dependent factors regulating the parasite population (Keymer, 1982) . It can be assumed that density-dependent factors are of little importance for determining the infection level of pennellid species in the intermediate hosts. It was found by several authors that the number of parasites per intermediate host individual can accumulate to seemingly unconstrained numbers: 630 Lernaeocera branchialis in 1 flounder; 26,700 L. branchialis in 1 lumpfish; or more than 800 Pennella sp. in 1 Illex coindetii (Templeman et al., 1976; Kabata, 1979; Van Damme, 1993; present study, respectively) .
Another important consequence of aggregation is that, for parasites that mate within their hosts, aggregated distributions increase the probability of mating and diminish the probability that a parasite population die as a result of females failing to find males (May, 1983) . Poulin and FitGerald (1989) pointed out that the tendency of crustacean parasites to attack and attach selectively to previously infected host explains the aggregated distribution of parasites, although the exact reasons for such hosts selection by the parasite are unclear.
Chemoreception (i.e., the parasite may secret a substance attracting conspecifics and favouring mate location) is thought to play an important role in host selection in copepod parasites (Kabata, 1981) . However, Fryer (1965) suggested that small organisms are probably incapable of detecting such weak chemical gradients in water, except, perhaps, in cases where the host harbours a large number of parasites, their effects being cumulative. The aggre-TABLE 1. -Analysis of seasonal patterns in the number of copepod parasites by lowest significant differences (ANOVA Test). * denotes pairs of groups with significant differences at p<0.05. Winter, January-March (group 1); spring, April-June (group 2); summer, JulySeptember (group 3); autumn, October-December (group 4). 
Infestation values
It is difficult to elucidate which factors contributed to the slightly higher infestation levels in the north area when they are compared with those found in the west area. It is likely that the observed differences are due to more intense seasonal upwelling cycles in the west area (Varela, 1992) which may have produce an unbalanced host (Rasero, 1994) and parasite recruitment success. A slight decrease of the parasite infrapopulation that occurred during autumn is likely due to failure in parasite infestation, which corresponds with less-parasitised immature squids born in early summer after a prolonged spawning ranging from March to July (Gonzalez and Guerra 1996a, González et al., 1996b; Pascual, 1996) .
Parasite infestation is a function of biotic factors linked to host characteristics and also to environment. Seasonal variations of parasitic copepods could be attributed to temperature variation and host population structure (Sousa and Gosholz, 1991) . Concerning the population structure, the continuous inshore-offshore migrations of both ommastrephid species in the sampling area (Pascual et al., 1996a) could also contribute to the observed seasonal patterns of infection by Pennella sp.
